A NUMBER of chronic debilitating diseases, including tuberculosis, have t been considered predisposing or contributing factors in the development of periodontal disease.2 6, 10, 31 Some authors28' 23, 3 have even claimed that the periodontal lesions associated with these systemic diseases are characteristic enough to be helpful in arriving at a diagnosis of the systemic disease. A mild, painless, specific type of gingivitis associated with pulmonary tuberculosis was described by Cahn," who also reported "roentgenographic evidence of enlarged, swollen intertrabecular spaces between and around the teeth." Cipes9 examined more than one thousand tuberculous patients and found a high incidence of characteristic gingivitis which varied in severity and extent proportionately to the pulmonary involvement. A definite association between pulmonary tuberculosis and periodontal lesions was also reported by Kramer21 and Brody.' They also reported periodontal bone changes, and were later supported by Goadby,14 who attributed these bone changes in the jaw to a loss of lime salts and a subsequent formation of granulation tissue. A general withdrawal of calcium salts from the bony system associated with pulmonary tuberculosis might, according to Miller, 24 photographs and dental roentgenograms were taken, and models were made of their teeth. Specimens for microscopic study were taken from jaws, teeth, temporomandibular joints, mesial end of one tibia, and from visceral organs, including the lung, peribronchial and mesenteric lymph nodes, stomach, liver, kidney, spleen, adrenals, and pancreas. Hematoxylin and eosin stained sections were utilized for examination of all of the tissues. The seven control animals were sacrificed and examined in the same way as the experimental animals.
A summary of the case reports is given in Table I . Nine of the monkeys had, at the time of autopsy, extensive miliary spread of pulmonary tuberculosis with lesions in spleen, liver, kidney, pancreas, and peribronchial and mesenteric lymph nodes. The tenth monkey had severe renal tuberculosis. They all showed evidence of catarrhal gastritis and colitis, and a few animal parasites were found in 3 of the monkeys. Four of the experimental animals had clinically normal gingiva, while the other 6 showed varying degrees of materia alba, dental calculus, and a mild marginal gingivitis of the same type as seen in the control animals. The gingivitis was seen only in association with local irritants. The dental roentgenograms did not reveal any bone changes and microscopically no difference could be observed between the periodontal tissues in the experimental and the control animals. Various manifestations of traumatism, in some instances histologically resembling diffuse atrophy or periodontosis,26 were present in both groups. The implications of these findings have been discussed in a previous article. 29 Since degeneration of periodontal fibers has been listed as the initial and most important finding in periodontosis,3' 15, 17 it was felt that a logical approach to the problem of possible periodontal impairment in systemic disease (here tuberculosis) would be a thorough investigation of the collagen for general changes, for example in joint capsules and for changes localized in the periodontal tissues. The collagenous fibers are a characteristic constituent of Volume 31 TUBERCULOSIS AND PERIODONTAL DISEASE 7 Number I all types of connective tissue, and there is no more important group of substances in dental physiology and pathology than the collagen group of fibroproteins. 1' In the loose connective tissue the collagenous fibers are long, straight or wavy, colorless threads or ribbons which run in all directions.23 In connective tissue, which performs a definite function, they are arranged parallel in such a way as to allow the function to be transferred as a pull to the collagenous fibers. They consist of extremely fine, uniform, parallel, collagenous fibrils which are held together by a cement substance. The fibers are very flexible, but not elastic, and offer a great resistance to a pulling force.
A satisfactory definition of collagen has not been devised. Morphologists have gained a common concept of the meaning of the term through descriptive terminology and regard collagen as a homogenous, fibrillary, intercellular protein substance which can be distinguished from other intercellular materials by its staining reactions, microscopic structure, and other empirical properties. The source of collagen has not been proved definitely. It appears in the Degenerative changes begin in the center of the fiber.22 As the degenerative changes proceed, acid-staining collestin is formed. The collagen disintegrates into coarse, irregular masses or blocks. A more advanced degenerative product of collagen is the intensely basophilic-staining collacin. Atrophy and destruction of the collagenous fibers also occur in the chronic infective granulomatous processes such as tuberculosis and syphilis.
Little research has been reported with reference to collagen in periodontal tissues. Stafne and Austin34 reported widened periodontal spaces in x-ray films of patients with acroselerosis and diffuse seleroderma. They found that the enlarged periodontal space was filled with loose vascular connective tissue. Ray30 reported collagen degeneration in some gingival specimens from diabetics. The change in collagen was associated with inflammation, which made it difficult to evaluate the significance of the findings. Orban, Martin, and Helm,25 in a case of scorbutus, demonstrated an increase in the formation of collagenous fibers in the gingiva when the scurvy improved.
In the reported cases of diffuse atrophy of the periodontal tissues, hematoxylin-eosin stains and in a few cases, silver stains, have been used to study collagen change. Collagenous degeneration has been diagnosed by the finding of dearrangement of the fibers rather than by staining reactions. Fixation of tissues from the jaws is often delayed in autopsy material. Uneven, inadequate fixation may also result from poor penetration of the fixative into these dense tissues. One portion of a specimen may be fixed and show cell details, while another portion of the same jaw may be inadequately fixed and the artefact which results might be misinterpreted as degenerative change. Material containing teeth requires a longer period of decalcification than ordinary bone, and sections including teeth are often uneven in thickness. The above technical factors are emphasized because they are important in the evaluation of collagen stains of jaw sections.
Various techniques for silver stains were tried. The best results were obtained with Rio Hortega's triple impregnation, but the silver stains were all uncertain in their action on decalcified and celloidin-embedded material16 and no reliable color reaction indicating collagen degeneration could be established.
Heidenhain 's modification of Mallory 's connective tissue stain seemed more dependable and was utilized for a large number of sections both from jaws and joints, including experimental and control animals. Even with this method it proved to be very difficult to differentiate between slight degree of artefact and early collagen degeneration, so at least 10 to 15 sections from each specimen should be stained and compared before an interpretation of details is attempted. These technical hazards are discussed because they offer some explanation of the wide range of different findings and opinions en-countered in the literature, although the main source of error in histological reports on periodontosis and systemic disease has been the lack of acceptable control material.
This investigation of the collagen fibers did not show any difference between the experimental and the control animals, neither in sections from joints nor in sections from jaws and teeth. The main variable factor, with reference to periodontal disease, which is present in man and absent in monkeys, is variations in the personal oral hygiene. The literature generally points out that the oral hygiene is poor in patients with far-advanced tuberculosis.'2 35 If tuberculous human beings have a higher incidence of and a more severe periodontal disease than healthy individuals, it is probably on the basis of impaired oral hygiene rather than a change in the resistance of the periodontal tissues. 2. No indication of collagen changes was noted in sections from jaws and joints.
3. No observations substantiated the theory of lowered periodontal resistance in tuberculosis. 4 . Any increase in incidence of periodontal disease associated with tuberculosis must be produced by local factors of which poor oral hygiene appears to be the most significant. 5 . Traumatic periodontal changes resembling diffuse atrophy or periodontosis were observed both in the experimental and in the control animals.
